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The present invention relates to a device for 
simultaneous reception and retransmission with 
out reaction between the transmitter and the 
receiver which are placed near each other. 
This invention relates generally to a radio re 

laying system and to devices of the so-called re 
sponder type which employ continuous modu 
lated carrier waves to convey the signals. It is 
also applied to apparatus of the kind which have 
to retransmit a pulsatory wave with a delay 
which is less than the duration of the pulses 
which compose this pulsatory wave, in which case 
the received and retransmitted pulses have, in the 
time, a common portion. 
The responder of the invention is not intended 

to form part of a chain of intermediate relaying 
stations placed at intervals between two terminal 
stations. It is intended to receive a wave trans 
mitted by a given station and to return this wave, 
exactly on the same frequency, to this station in 
order to produce a signalling action thereat. 
Responders have the known disadvantage of 

giving rise to singing of oscillations by reaction 
between the transmitter and the receiver. 

In pulse modulated carrier wave systems, it is 
possible to use a single wave-length on the to and 
fro sides of the responder station. The trans 
mitter of the responder station is driven by the 
received pulses and mutual interference is pre 
vented by retransmitting the pulses after a suit 
able small delay, the receiver being blocked for 
the period of each retransmitted pulse. 
In continuous modulated carrier wave systems, 

various expediente have been proposed for pre 
venting singing. Among these expedients are 
change of carrier frequency in the responder sta 
tion, employment of the so-called superregenera 
tive circuit in which an amplifier having a feed 
back that would tend to permit or produce con 
tinuous oscillations is associated with a quench 
oscillator which periodically checks the re-am 
plifyíng process and a method which consists in 
demodulating the signals received, recording 
them on a recording medium and utilising them 
as modulation of a radio-frequency transmitter. 
The disadvantage of the first solution is that, the 
return wave having a frequency different from 
the incoming wave, it cannot be used when it is 
desired to produce a signalling action in a radio 
electric station only in the case when the said 
station receiving from a responder a wave which 
has exactly the same carrier frequency as the 
wave transmitted by this station. The disadvan 
tage of the seconol solution is that it cannot op 
erate on a wide ̀ frequency band and with a sub 
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2 
stantial retransmission power. Finally, the Adis 
advantage of the third solution is that the re 
transmitted frequency is fixed and is not driven 
by the incoming wave frequency. 
One of the objects of the present invention is 

to provide a retransmitting device without cou 
pling between the transmission and the reception, 
which device operates in the case in which the 
received wave is a continuous wave and utilises 
for the retransmission the same carrier frequency 
as for the reception. 
Another object of the invention is to provide a 

retransmitting device which operates on a single 
frequency without coupling between the trans 
mission and the reception and renders possible 
a considerable diiference of level between the re 
ceived signal and the retransmitted signal. 
Another object of the invention is to provide a 

retransmitting device which is insensitive to the 
reflections of the retransmitted energy on neigh 
bouring obstacles. Y 

According to the main feature of the inven 
tion, the radio-frequency reception and transmis 
sion amplifiers of the retransmitter are blocked 
and unblocked at the same cadence and in such 
a manner that the blocking times of one corre 
spond substantially to the unblocking times of 
the other. The result of this is a high-frequency 
pulsatory signal at the outlet of the two am 
pliñers. 
The signal which leaves the receiver has a 

spectrum of equidistant lines or components, the 
medial line of which is that of the frequency 
of the received carrier wave and the others of 
which are spaced from this medial line by mul 
tiples of the blocking and unblocking frequency. 
Each of these lines is accompanied by lateral lines 
which correspond to the frequency of modulation 
of the signal. The pulsated signal leaving the 
receiver is filtered so as to leave only the funda 
mental component (i. e. the component having 
the carrier frequency) which is then applied to 
the transmitter which it drives. 
The signal which leaves the transmitter is ra 

diated and constitutes the retransmitted signal. 
This retransmitted signal arrives at the receiver 
during the blocking times of the latter. 
Summarising, the signal to be retransmitted 

arrives continuously at the receiver during the 
periods of blocking and together during the pe 
riods of unblocking of the latter, and this signal 
becomes a pulsatory signal. The ñlter extracts 
from it the fundamental component which is 
available without interruption at the outlet of 
the ñlter and serves for driving the transmiten 
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It is to be noted that the circuits of the receiver 
which precede the circuit to which the blocking 
signal is applied should have a sufficient band 
width so as not to deform the retransmitted pul 
sated signal. Without this condition, a spectral 
decomposition of the latter would take place and 
the fundamental component, possibly accom 
panied by some harmonics, would be present at 
the inlet of the blocking circuit during the un 
blocking time of the latter and would be retrans 
mitted. There would therefore be in this case a 
singing action. If thesel precautions are taken, 
the following result is obtained: the fundamental 
component of the signal to be retransmitted, 
which has been made pulsatory by the blocking 
of the receiver, passes through the filter, whilst 

UI 

the fundamental component of the retransmitted ‘ 
signal, which is pulsatory by nature, does not pass 
through the filter. 
Other objects and features of the invention will 

appear on reading the following detailed descrip 
tion and examining the accompanying drawings, 
in which: 

Fig. 1 represents the retransmitter of the in 
vention in the form of a block diagram; 

Fig. 2 represents the shape of the signals at 
different points in the diagram shown in Fig. 1; 

Figs. 3 and 3a represent the spectral composi- 
tion of the signals at different points of the dia 
gram shown in Fig. 1; 

Fig. 4 is a detail representation of the quench 
oscillator of the retransmitter; and 

Fig. 5 represents the shape of the signals at 
different points of the oscillator shown in Fig. 4. 
Referring to Fig. 1, 8 is a reception aerial which 

receives a continuous radio communication of 
carrier frequency fo having a bandwidth of Afo. 
The voltage received in the aerial is represented 
by Fig. 2a. This voltage is applied to the inlet of 
a radio-frequency reception amplifier having a 
bandwidth of ïciF (with k1 considerably greater 
than 1) which is suiiicient to amplify, without de 
formation, a pulsatory wave having a carrier fre 
quency of fo and a frequency of recurrence of F 
for reasons which will be hereinafter explained. 
The amplifier I is unblocked periodically, at a 
frequency of F, by application, to one of its stages, 
of rectangular pulses supplied by the keying 
oscillator 2. The signal leaving the amplifier I is 
represented by Fig. 2b. It is composed of a volt- ‘ 
age of frequency fo quenched into rectangular 
pulses having a repetition frequency of F. The 
spectrum of such a signal is of the form: 

where m is an integer. 
The voltage leaving I is applied to the fre 

quency-converter stage 3 which receives, from 
the local oscillator 4, a voltage of frequency f. 
The output signal of 3 is a pulsatcry voltage rep 
resented in Fig. 2c and having the same shape as 
that of Fig. 2b, but the carrier frequency of the 
signal being, in this case, f-fo. 
The voltage leaving 3 is applied to the inlet of 

a pass-band amplifier filter 5 having a mean fre 
quency of f--fo and a pass band lcsF which is 
lower than F (k3 is lower than l) so as to allow 
to pass and to be amplified only the fundamental 
component of frequent?,7 Í-Ío of the signal of Fig. 
2c. In addition, this pass band should be greater 
than or equal to Afo. The signal leaving 5 is rep 
resented in Fig. 2d; this is a non-pulsatory volt 
age of frequency ,f-f0. This signal is brought 
back to the frequency fo in the frequency-con 
verter stage 6 which receives a signal of fre 
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4 
quency f from the local oscillator 4. There is 
obtained, at the outlet of E, the signal represented 
in Fig. 2e. 
The latter signal is applied to a radio-fre 

quency transmitting amplifier ‘I (for example the 
power amplifier of the retransmitter)_. This 
amplifier has a bandwidth of kzF (with k2 con 
siderably greater than 1) which is sufficient for 
amplifying, without deformation, a pulsatory 
wave of a carrier frequency of f», and of a repeti 
tion frequency of F. It is unblocked periodically, 
at the same frequency F, by application, to one 
of its stages, of rectangular-pulses also supplied 
by the keying oscillator 2. 
The amplifier 'I is unblocked when the amplifier 

I is blocked and vice versa. For this purpose, the 
unblocking pulses II of 'I take place during the 
intervals between the unblocking pulses II) of I. 
However, the pulses II'I` and II are not exactly 
opposite in phase and there is left, between the 
end of a pulse I0 and the commencement of a 
pulse II a dead period f1, and between the end 
of a pulse I I and the commencement of a pulse I0 
a dead period f2. If 01 and 02 are respectively the 
duration of a pulse IIJ and the duration of a pulse 
I I, then 

The utility of the dead periods T1 and f2 will 
be explained hereinafter. 
The outlet of the amplifier 'I is connected to the 

transmitting aerial 9 and the signal transmitted 
by this aerial is represented by Fig. 2f. It is the 
same signal as that of Fig. 2b, but the pulses I0 
and the pulses II are interlaced. The result of 
this is that any reaction between the retransmit 
ted wave and the incident wave is eliminated. 
In fact, the retransmitted wave (Fig. 2j) is pres 
ent to the inlet of the amplifier I during the 
periods in which the latter is blocked and, as 
this amplifier has a bandwidth of lciF which is 
considerably greater than F, it does not deform 
the received signal. If, in fact, there had been 
a deformation, a component of the signal of Fig. 
2f, either the fundamental component of fre 
quency fo alone or this fundamental component 
accompanied by the ñrst harmonics of the spec 
trum (1), would be present at the output of the 
stage of amplifier I preceding that to which are 
applied the blocking pulses, together during the 
blocking periods and the unblocking periods of 
the latter and would be retransmitted during 
the latter periods; there would therefore be, in 
this case, coupling between the transmission and 
the reception. 
The wave transmitted by the transmitting 

aerial 9 is received by the final recipient either in 
the form of pulses of carrier frequency fo or, 
in a selective receiver, on the fundamental com 
ponent fo or on one of the lines of the spectrum 
foimF. 
In order to ñx one’s ideas and by way of non 

limitative example, let us assume that the radio 
communication to be received and to be retrans 
mitted has a carrier frequency 

f°=120 mc./s. 

and a bandwidth 

Af0<2><0.25 mc./s. 
that is to say, it has a spectrum comprised be 
tween 119.75 and 120.25 mc./s. Let the keying 
frequency be F=830 kc./s. The spectrum of the 
wave transmitted by the aerial 9 as well as that 
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4of the output signal yof the amplifier I are rep 
resented by Fig.v 3 in‘which the line I2 ofifre 
.quency 120 mc./s. represents the carrier fre 
quency, the lines I3 and I4 of frequency 119.75 
and 120.25 mc./s. represent the lateral bands’due 
to the modulation of the carrier frequency, the 
lines I5, I6, I1, I8, I9 and 380i frequencies 120.83, 
121.66, 122.49, 123.32, 124.15 and 124.98 mc./s. 
.represent the upper lateral bands due to the 
quenching of the carrier frequency and the lines 
20, 21|, 22, 23, 24 and 39 of frequencies 119.17, 
118.34, 117.51, 116.68, 115.85 and 115.02 mc./s. 
represent the lower lateral bands due to the 
quenching. 
Let us assume, as the bandwidth of the ampli 

fiersI and 1, 

that is to say that their pass band will extend 
vfrom the line 25 of frequency 115 mc./s. to the 
line 26 of frequency 125 mc./s. Finally-let us 
assume for the pass band of the amplifier iilter 5: 

so‘th'at the limits of this pass band will be ex 
actly the lines I3 and I4. As it is diflicult toiilter 
directly a signal of 120 mc./s. over a bandwidth of 
0.5 mc./s., its frequency will be reduced to 10 
mc./s. by mixing it in the frequency-converter 3 
with a signal of 110 mc./s., then it will be filtered 
inthe amplifier ñlter 5 and its original frequency 
will be restored by mixing it in the frequency 6 
with the same signal of 110 mc./s. 

It has been assumed, in Fig. 3, that the interval 
between the lateral lines I3 and I4 was equal to 
the bandwith of the ñlter` In the general case, 
the bandwith of the communication is very much 
less than the bandwidth of the filter, e. g., 6 kc./s. 
in relation to 500 kc./s. Consequently, the re 
sponder can retransmit simultaneously a plural 
ity of radio communications, the carrier fre 
quenciesy fo, f'o . . . and the lateral bands of 
which are represented respectively at I2, 69 and 
‘I0-for a ñrst communication and at I2", 35' and 
10’ for a second communication in Fig. 3a. on the 
condition that the carrier frequencies such as fu 
and f'o are inside the pass band of the filter. The 
possible number of communications retrans 
mitted simultaneously is equal to the ratio of 
ther bandwidth of the iilter to the bandwidth of ` 
the communication. However, it is not necessary 
that .itshould be precisely the» lines I2 and I2’ 
which are inside the pass band of the íilter. It 
is sufficient that one of the lines I5 to 24 and 33 
and 39 associated with the line I2 and one of the 
corresponding lines associated with the line I2' 
should be inside the pass band of the iilter and 
that these two lines should be at more than 6 
kc./s. from each other. 

Referring to Fig. 4, which represents the .keying 'ì 
oscillator, this oscillator comprises a first oscil 
lating tube _4I, the oscillating circuit of which is 
composed of the inductance 42, the ñxed con 
denser 43 >and the variable condenser 44. The 
sine oscillations of frequency F, which are pro 
duced in the first Astage and are represented in 
Fig. 5a, are received at the terminals of the choke 
coil 45 and applied to the grid 41 of the amplify 
ing‘tube 46 and to the. grid of the phase vinverting 
tube 5I. 
phase inverting tube 5I is connected to the grid 
53 of the amplifying tube 52. 
Amplifying tubes y45 and 52 operate in class C 

and sine pulses, which are represented in Figs. 5b 
and 5c, are produced in their anode circuits. The 

On the other band, the output .of the " 
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6 
width 21 ofthe base vof each sine pulse obtained 
is» less than the half-'period 

of the base of a complete sinusoid arch. The 
width 21 of the base of each pulse is determined 
by regulating, on the one hand, the potential lof 
the cathode 43 of the tube 46 by means of the 
variable resistor 49 and of the sliding contact 50 
connected to the said cathode and, on the other, 
the potential of the cathode 54 of the tube 52 by 
means of the variable resistor 55 and of the slid 
ing contact 56 connected to the latter cathode. 
Each of the variable resistors 43 and 55 is rcon 
nected between earth and the high voltage and, 
on displacing the sliding contacts 50 and 56 to 
the side of increasing potentials, the polarisation 
potentials of the grids 41 and 53 represented by 
the lines 23 and 29 of Figs. 5b and 5c respectively 
are separated from the cut-ori voltages of the 
tubes Af‘IIì and 52 represented by the lines 30 and 31| 
of these figures; the result of this is to diminish 
the width 21 of the sine pulses. 
These sine pulses of Figs. '5b and 5c are applied 

respectively to the grids 58 and 64 of the class-C 
amplifying tubes 51 and B3. The potential of 
the cathode 59 of the tube 51 is regulatable by 
displacing the sliding contact S0 on the variable 
resistor ISI. Gn displacing the sliding contact 60 
towards the increasing potentials, the line 32 
which clips the pulses of Fig. 5b is approached of 
the line 33 representing their base. Finally, there 
are obtained, at the terminals of the anode re 

' sistance 32 of the tube 61, the pulses I0 of Fig` 5d 
which are applied as unblocking pulses to the 
amplifier I. 
The potential of the cathode 35 of the tube 

63 -is regulatable by displacing the-sliding con 
tact 53 on the variable resistor B1. On displacing 
the sliding contact 55 towards the increasing~ 
potentials, the line 33 which clips the >pulses of 
Fig. 5c is approached of the line 3I representing 
their base. Finally, there are obtained, at the 
terminals of the anode resistance 53 of the tube 
63, the pulses I I of Fig. 5c which are applied 
as unblocking pulses to the ampliiier 1. 
The end 34 of a pulse I3 and the commence 

ment 35 of a pulse I I are separated by an interval 
of time of n, and the end 35 of a pulse Il and 
the commencement 31 of a pulse I0 are separated 
by an interval of time of T2. ¿The receiving 
amplifier I is unblocked between 31 and 34; dur 
ing the interval n, comprised between 34 and 35, 
the receiving and transmitting amplifiers are 
both blocked; the transmitting ampliner 1 is un 
blocked between 35 and 35'; during the interval 
--rz comprised between 36 and 31, the two ampli 
ñers are both blocked. 
The dead period n between the end of the 

unblocking of the reception and the lcommence 
ment of the unblocking of the retransmission en 
ables the circuits of the ampliñer i to return 
to the condition of rest, that is to say to the 

' blocked condition. The dead period r2 between 
the vend of the unblocking of the retransmission 
and the commencement of the unblocking of the 
reception enables the circuits of the amplifier 
1 to return to the condition of rest, that is to say 
to the blocked condition. The latter dead period, 
in addition, enables the energy which is retrans 
mitted by the aerial 9 and which is reflected 
by near obstacles to be present to the input of 
the amplifier I when the latter is still blocked. 
If it is assumed, for example, that the nearest 
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obstacle that gives harmful refiections is at 50 
metres from the aerial 9, the reflected wave re 
quires 

l -ti 
3 10 

second to return to the aerial 8 which is sup 
posed to be in the immediate vicinity of the 
aerial 9. It will therefore be necessary to have 
-rz greater than or equal to one-third of a micro 
second. 
Although certain parts of the invention have 

been described by way of example, the general 
idea of the invention can be gathered sufiiciently 
from the foregoing for the person skilled in the 
art to be able to make numerous modifications 
without departing from its scope. 
What I claim is: 
1. A responder for retransmitting a plurality 

of incoming continuous modulated carrier waves 
of given frequencies applied thereto comprising 
input means for receiving said incoming con 
tinuous modulated waves, output retransmitting 
means driven by said waves, a free running key 
ing oscillator having two outputs in push-pull 
relationship respectively connected to the input 
receiving means and to the output retransmit 
ting means and producing on said outputs two 
blocking signals substantially in phase opposition 
for alternately blocking said input and output 
means, whereby the output waves of the receiving 
'and retransmitting means are pulsed at the 
blocking signal frequency, a pass band filter cou 
pling the input receiving means to the output 
retransmitting means, having a narrow band 
width with respect to the blocking signal fre 
quency and allowing to pass therethrough the 
waves driving the retransmitting means, the re 
ceiving and retransmitting means having a large 
bandwidth with respect to the blocking signal 
frequency, whereby the fundamental components 
of the output waves of the receiving means 
which are derived from the incoming waves 
continuously present at said receiving means in 
put are passed through the filter to drive the 
output means while the fundamental components 
of the output waves of the receiving means 
which are derived from the retransmitted waves 
occurring at said receiving means input when 
the same are blocked and are not passed through 
the filter. 

2. A responder for retransmitting a plurality 
of incoming continuous modulated carrier waves 
of given frequencies applied thereto comprising 
a radio-frequency receiving amplifier, a ñrst 
frequency converter connected to said amplifier, 
a radio-frequency transmitting amplifier driven 
by the incoming waves, a second frequency con 
verter connected to said latter amplifier, a local 
oscillator connected to the first and second fre 
quency converters, a free running keying oscil 
lator having two outputs in push-pull relation 
ship respectively connected to the radio-fre 
quency receiving and transmitting amplifiers 
and producing on said outputs two blocking 
signals substantially in phase opposition for al 
ternately blocking said radio-frequency receiv 
ing and transmitting amplifiers whereby the out 
put waves of said both amplifiers are pulsed at 
the blocking signal frequency, a pass band filter 
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'coupling the first and second frequency Vcon 
verters, having a narrow bandwidth with re 
spect to the blocking signal frequency and a1 
lowing to pass therethrough the incoming waves 
being changed in frequency by the first frequency 
converter, the receiving and retransmitting 
radio-frequency amplifiers having a large band 
width with respect to the blocking signal fre 
quency, whereby the fundamental components 
of the output waves of the receiving amplifier, 
being changed in frequency by the first frequency 
converter, which are derived from the incoming 
waves continuously present at said receiving 
amplifier input are passed through the filter, to 
be brought back to their original carrier fre 
quency by the second frequency converter and 
drive the transmitting amplifier while the 
fundamental components of the output waves of 
the receiving amplifier, being changed in fre 
quency by the first frequency converter, which 
are derived from the retransmitted waves occur 
ring at said receiving amplifier input when the 
same is blocked are not passed through the 
filter. 

3. A responder for retransmitting a plurality 
of incoming continuous modulated carrier waves 
of given frequencies applied thereto comprising 
input means for receiving said incoming con 
tinuous modulated waves, output retransmitting 
means driven by said waves, a free-running key 
ing oscillator having two outputs ín push-pull 
relationship respectively connected to the input 
receiving means and to the output retransmitting 
means and producing on said outputs a periodic 
signal which comprises in each cycle a first period 
during which the input receiving means are un 
blocked, a second period during which both the 
input receiving and output retransmitting means 
are blocked, a third period during which the out 
put retransmitting means are unblocked and a 
fourth period during which both the input re 
ceiving and the output retransmitting means are 
blocked, whereby the output waves of said receiv 
ing and retransmitting means are pulsed at said 
signal frequency, a pass band filter coupling the 
input receiving means to the output retrans 
mitting means, having a narrow bandwidth with 
respect to the blocking signal frequency and 
allowing to pass therethrough the waves driving 
the retransmitting means, the receiving and re 
transmitting means having a large bandwidth 
with respect to the blocking signal frequency, 
whereby the fundamental components of the out 
put waves of the receiving means which are 
derived from the incoming waves continuously 
present at said receiving means input are passed 
_through the filter to drive the output means while 
the fundamental components of the output waves 
of the receiving means which are derived from 
the retransmitted waves occurring at said receiv 
ing means input when the same are blocked are 
not passed through the filter. 
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